DISPLAY DEVICE DRIVING CIRCUIT AND DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to a display device driving circuit, and more 
5 particularly to a driving circuit for a liquid crystal display device used in a dot inversion 
driving mode. 

Liquid crystal display (LCD) devices are now a major class of image display 
devices for they have a reduced power consumption and take less space as compared with 
CRTs, etc. Among the various types of liquid crystal display devices, those of an active 
10 matrix type using TFTs (Thin Film Transistors) are used as personal computer displays and 
TV screens, as they have high definitions and can be made in large screen sizes. 

FIG. 14 is a circuit diagram illustrating a conventional full-color liquid crystal 
display device. 

As illustrated in FIG. 14, the conventional liquid crystal display device 
15 includes a signal line driving circuit 110, a scanning line driving circuit 112 and a display 
section (liquid crystal panel). 

The display section includes a plurality of signal lines 152a, 152b, 152c, 
(hereinafter referred to collectively as "signal lines 152") extending in the column direction 
(the vertical direction in the figure) fi"om the signal line (source) driving circuit 110, a 
20 plurality of scanning lines (gate lines) 151a, 151b, 151c, (hereinafter referred to 
collectively as "scanning lines 151") extending in the row direction (the horizontal 
direction in the figure) from the scanning line (gate line) driving circuit 112, and sub-pixels 
153 arranged in a matrix pattern. Each sub-pixel 153 is located near one of a plurality of 
intersections between the signal lines 152 and the scanning lines 151. Moreover, each 
25 sub-pixel 153 includes a liquid crystal cell 155, a hold condenser 156 and a TFT 154. 
The liquid crystal material in the liquid crystal cell 155 is interposed between a pixel 



electrode and a counter electrode. Herein, the term "sub-pixel" is used to refer to a 
component of one pixel, and each sub-pixel is used to produce one of the following colors: 
red (R), green (G) and blue (B). 

The signal line driving circuit 110 is normally a multiple-output integrated 
circuit, and supplies output voltages Voutl, Vout2, Vout3, to the source electrodes of 
the TFTs 154, Note that although transfer gates TGlOla, TGlOlb, are shown in FIG. 
14 to be outside the adjacent signal line driving circuit 110, they are actually provided 
inside the signal line driving circuit 110. Nevertheless, the transfer gates TGlOla, 
TGlOlb, may alternatively be provided on the panel side. Each transfer gate TGlOl 
electrically connects output sections of the signal line driving circuit 110 with each other, 
as will be described later. 

Moreover, also the scanning line driving circuit 112 is normally a multiple- 
output integrated circuit, and supplies output voltages to the gate electrodes of the TFTs 
154. 

In the liquid crystal display device, the scanning line driving circuit 112 selects 
the sub-pixels 153 by rows while the signal line driving circuit 110 supplies an image- 
forming signal in the form of a voltage. Note that for full-color display, signal lines 152 
include groups of signal lines for R (red), G (green) and B (blue). 

In a liquid crystal display device as described above, an after-image 
phenomenon called "burn-in" occurs if a DC voltage is applied over a long period of time. 
Therefore, it is necessary to invert the voltage applied across the liquid crystal material at 
predetermined intervals. Such a driving mode is called "frame inversion driving mode". 

The frame inversion driving mode includes a line inversion driving mode, a dot 
inversion driving mode, etc. 

A dot inversion driving mode is a driving mode in which voltages of opposite 
polarities are applied to adjacent sub-pixels, and is capable of better suppressing flicker on 



the screen than with the line inversion driving mode. 

FIG. 15 illustrates a portion of a conventional signal line driving circuit 
employing a dot inversion driving mode. Particularly, FIG. 15 illustrates the output 
circuit of the signal line driving circuit. 
5 Image-forming signals and gray scale signals are input to the signal line 

driving circuit from an image signal processing circuit (not shown) and a gray scale 
voltage generation circuit (not shown), respectively. Then, output voltages Voutl, 
Vout2, according to the gray scale signals are output from the output circuit of the 
signal line driving circuit. 

10 As illustrated in FIG. 15, the output circuit of the conventional signal line 

driving circuit includes operational amplifiers AmplOl and Ampl02, output sections outl 
and outl, a voltage supply line SI connecting the output section of the operational 
amplifier AmplOl to the output section outl, a voltage supply line S2 connecting the 
output section of the operational amplifier AmplOl to the output section outl, a switch 

15 SWl provided along the voltage supply line SI, a switch SW2 provided along the voltage 
supply line SI, and the transfer gate TGlOl provided between the voltage supply line SI 
and the voltage supply line SI for shorting the output section outl with the output section 
outl. Although only two adjacent output sections are shown in the figure, an actual 
output circuit includes an array of multiple output sections connected to multiple voltage 

20 supply lines. 

Next, the operation and the function of the conventional signal line driving 
circuit will be described. 

FIG. 16 is a timing chart illustrating voltage transitions at various points in the 
conventional output circuit. 

25 As illustrated in FIG. 16, in a dot inversion driving mode, voltages Voutl and 

Voutl of the adjacent output sections outl and outl are voltages of opposite polarities 
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with respect to a common voltage Vcom. The polarities of the output sections outl and 
out2 are inverted with respect to Vcom for every horizontal scanning period H. 

When driving the liquid crystal display device, the parasitic capacitance of the 
signal line 152 illustrated in FIG, 14, the capacitance of the hold condenser 156, the liquid 
5 crystal capacitance of the liquid crystal cell 155, etc., occur as load capacitances. The 
current for driving the load capacitances constitutes a part of the total power consumption 
of the liquid crystal display device. In view of this, the conventional signal line driving 
circuit includes the switches SWl and SW2, and the transfer gate TGlOl for shorting the 
adjacent output sections outl and out2 with each other, so as to reduce the power 
10 consumption. The effect of reducing the power consumption will now be described along 
with the description of the operation of the circuit. 

With the conventional signal line driving circuit employing a dot inversion 
driving mode, the horizontal scanning period H includes a period B and a period A, as 
illustrated in FIG. 16. 

15 First, in a horizontal scanning period HI, when the polarities of output voltages 

Vol and Vo2 of the operational amplifiers AmplOl and Ainpl02 transition from (+) and 
(-) to (-) and (+), respectively, the switches SWl and SW2 are both turned OFF during the 
period B. During the period B, the transfer gate TGlOl is turned ON, thereby electrically 
shorting the output section outl with the output section out2. Moreover, during the 

20 period B, the polarity of the output voltage Vol of the operational amplifier AmplOl 
transitions to (-), and that of the output voltage Vo2 of the operational amplifier Ampl02 
transitions to (+). 

On the panel side, there are load capacitances connected respectively to the 
output sections outl and out2. The load connected to the output section outl whose 
25 output voltage has been (+) until immediately before the period B has a larger charge than 
the load connected to the output section out2. Therefore, with the transfer gate TGlOl 
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being ON, a current I flows from the load connected to the output section outl to the load 
connected to the output section outl during the period B. In this period, the switches 
SWl and SW2 are OFF, whereby the potential of the output section outl can be brought 
closer to that of the output section outl without consuming power. 
5 Next, in the period A, the switches SWl and SW2 are both turned ON, and the 

transfer gate TGlOl is turned OFF. Thus, as illustrated in FIG. 16, the output sections of 
the operational amplifiers AmplOl and AmplOl are connected respectively to the output 
sections outl and out2. Then, the load connected to the output section outl discharges a 
current flowing from the output section outl to the operational amplifier AmplOl, and the 

10 load connected to the output section outl is charged with the current flowing from the 
operational amplifier AmplOl to the output section outl. Thus, Voutl and Voutl are 
turned (-) and (+), respectively, with a slight delay from the start of the period A. 

In the period A, a current flows through the operational amplifiers AmplOl 
and AmplOl, thereby consuming some power. However, the power consumption can be 

15 reduced because the charge is distributed between adjacent loads in the liquid crystal 
display device in the period B. 

This effect is obtained also in the following period, i.e., a horizontal scanning 
period H2. Specifically, in the period B, the switches SWl and SWl are turned OFF, and 
the transfer gate TGlOl is turned ON, whereby the current I flows through the transfer 

20 gate TGlOl in the direction opposite to that during the horizontal scanning period HI, and 
the charge is distributed from the load connected to the output section out2 to the load 
connected to the output section outl. 

Then, during the period A in the horizontal scanning period H2, the switches 
SWl and SW2 are turned ON, and the transfer gate TGlOl is turned OFF. Thus, the 

25 load connected to the output section utl is charged with the current output from the 
operational amplifier AmplOl, and the load connected to the output section out2 
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discharges a current flowing from the output section out2 to the operational amplifier 
Ampl02. 

The operation as described above is repeated in the conventional signal line 
driving circuit. 

5 As described above, the conventional signal line driving circuit aims at 

conserving power in a dot inversion driving mode. Such a configuration where outputs of 
a signal line driving circuit are shorted with each other is described in, for example, 
Japanese Laid-Open Patent Publication Nos. 1 1-95729 and 2000-39870. 

FIG. 17 is a block diagram schematically illustrating the mask layout of the 
10 output circuit in the conventional signal line driving circuit. 

The conventional signal line driving circuit described above is provided in the 
form of a single chip onto which about 384 outputs, for example, are integrated. 

The circuit layout is as illustrated in FIG. 17. When there are n outputs 
(where n is a natural number), n operational amplifiers are arranged in a row, and the i 
15 output sections connected respectively to the adjacent operational amplifiers are arrange 
in a row in the same order as that of the operational amplifiers. One transfer gate for 
shorting output sections with each other is provided for each pair of operational amplifiers, 
and the transfer gates are arranged in the same order as those of the operational amplifiers 
and the output sections. 

20 Note that in a full-color liquid crystal display device, these components are 

arranged in a repeating pattern of three colors, e.g., R-G-B-R-G-B.... Therefore, in the 
conventional signal line driving circuit, output sections of different colors are shorted with 
each other, e.g., R (red) with G (green), or B (blue) with R. 

As illustrated in FIG. 16, with the conventional signal line driving circuit, the 

25 charge of a load can be effectively distributed if the voltages Voutl and Vout2 both reach 
equilibrium within an amount of time that is sufficiently shorter than the period B. 
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However, in a liquid crystal display device having a large size, for example, a 
signal line has a large load capacitance, and a longer time is required for charging. In 
such a case, the period B ends before Voutl and Vout2 reach equilibrium, whereby the 
charge of the load is not sufficiently redistributed. Therefore, the amount of charge 
5 supplied from the signal line driving circuit increases, thereby decreasing the effect of 
reducing the power consumption. 

If the amount of charge supplied from the signal line driving circuit increases, 
an increasing amount of heat is generated in the IC chip of the signal line driving circuit, 
whereby the circuit operation may be hindered by heat. 
10 Moreover, in the conventional signal line driving circuit, output sections of 

different colors are shorted with each other, whereby the power consumption reducing 
effect is not sometimes obtained sufficiently depending on the image being displayed on 
the screen. 

For example, in a case where an R output section (i.e., an output section 
15 through which R level data is output) and a G output section (i.e., an output section 
through which G level data is output) are shorted with each other, although the power 
consumption is reduced in a solid white display or a solid black display where the R level 
and the G level are equal to each other, the power consumption is not sufficiently reduced 
in a solid red display. 

20 As described above, with the conventional signal line driving circuit, there is 

still a room for further reduction in the power consumption. Particularly, the power 
consumption reducing effect may not be sufficient for cases where the load capacitance on 
the panel side is large. 



25 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a display device in which the 
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power consumption is further reduced, and a display device driving circuit for realizing 
such a display device. 

A first display device driving circuit of the present invention is a display device 
driving circuit for use with a display device having a display section including sub-pixels 
5 arranged in a matrix pattern and a plurality of signal lines for supplying image-forming 
signals to the sub-pixels, the display device driving circuit including: voltage supply lines 
for transferring the image-forming signals to the plurality of signal lines; switches for 
turning ON/OFF the transfer of the image-forming signals to the voltage supply lines; and 
shorting means for electrically shorting one of the voltage supply lines that is connected to 

10 an odd-numbered one of the plurality of signal lines with another one of the voltage supply 
lines that is connected to an even-numbered one of the plurality of signal lines during a 
predetermined period including a period during which the switches are OFF, wherein the 
shorting means can be turned OFF autonomously when a polarity of a potential of the 
voltage supply line connected to the odd-numbered signal line and a polarity of a potential 

15 of the voltage supply line connected to the even-numbered signal line are switched around. 

With such a configuration, the driving circuit can be controlled so that the 
connection means is turned OFF autonomously when the polarity of the potential of a 
voltage supply line connected to the odd-numbered signal line and the polarity of the 
potential of a voltage supply line connected to the even-numbered signal line are switched 

20 around, whereby the connection means can be kept ON until the distribution of charge 
between a load on the display section side including the odd-numbered signal line and a 
load on the display section side including the even-numbered signal line is completed. As 
a result, it is possible to reduce the amount of current flowing from the display device 
driving circuit to the display section. 

25 In one embodiment, the odd-numbered signal line and the even-numbered 

signal line are adjacent to each other. In this way, when the display device driving circuit 



is used with a display device operated in a dot inversion driving mode, signal lines 
receiving image-forming signals of different polarities can be shorted with each other, 
whereby the redistribution of charge between loads on the display section side can be done 
efficiently. 

5 In one embodiment, the voltage supply lines are all electrically shorted 

together during the predetermined period. In this way, the potential of a voltage supply 
line is brought closer to the average potential of all voltage supply lines, whereby the 
redistribution of charge between loads on the display section side can be done eflSciently. 

In one embodiment, the sub-pixels include groups of sub-pixels for different 
10 colors to be displayed; and the voltage supply line connected to the odd-numbered signal 
line and the voltage supply line connected to the even-numbered signal line supply the 
image-forming signals for driving the sub-pixels of the same color. In this way, the sub- 
pixels of the same color are shorted with each other, whereby the redistribution of charge 
between loads on the display section side can be done even more efficiently than when 
15 simply shorting adjacent signal lines with each other. 

In one embodiment, the signal lines include three groups of signal lines for red, 
green and blue; and the signal line and the (K+sy^ signal line are electrically shorted 
with each other by the shorting means, where K is any natural number. In this way, the 
redistribution of charge between loads on the display section side can be done effectively 
20 in a case where the display device is an RGB full-color display device. 

In one embodiment, voltage supply lines that are for supplying the image- 
forming signals to the sub-pixels of the same color are all electrically shorted together 
during the predetermined period. In this way, the potentials of the voltage supply lines 
shorted together are better averaged, whereby the redistribution of charge between loads on 
25 the display section side can be done efficiently. 

In one embodiment, the shorting means includes: a shorting line for electrically 
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connecting the voltage supply line connected to the odd-numbered signal line to the 
voltage supply line connected to the even-numbered signal line during the predetermined 
period; a switching element provided along the shorting line and including a control 
section; and a control element for performing a control so that either the potential of the 
5 voltage supply line connected to the odd-numbered signal line or the potential of the 
voltage supply line connected to the even-numbered signal line is applied to the control 
section at least during the predetermined period. In this way, the connection means can 
be turned OFF in response to the switching between the polarity of the potential of the 
voltage supply line connected to the odd-numbered signal line and the polarity of the 

10 potential of the voltage supply line connected to the even-numbered signal line. 

In one embodiment, the switching element is a first MISFET of a first 
conductivity type, with the control section being a gate electrode of the switching element; 
and the control element includes a second MISFET of a second conductivity type provided 
between the voltage supply line connected to the odd-numbered signal line and the gate 

15 electrode of the switching element, and a third MISFET of the second conductivity type 
provided between the voltage supply line connected to the even-numbered signal line and 
the gate electrode of the switching element. In this way, for example, the redistribution 
of charge between loads on the display section side can be done without wasting the charge 
not only during a period in which the switches in the display device driving circuit are OFF 

20 but also when the switches are OFF, whereby the power consumption of the display device 
can be reduced even if the load on the display side is large. Moreover, since MISFETs 
are used for the connection means, it is possible to reduce the circuit area, and thus the chip 
size. 

In one embodiment, a polarity of each of the image-forming signals is inverted 
25 for every horizontal scanning period; and a control is performed so that either the potential 
of the voltage supply line connected to the odd-numbered signal line or the potential of the 
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voltage supply line connected to the even-numbered signal line is applied to the control 
section of the switching element throughout the horizontal scanning period. In this way, 
the power consumption of the display device can be reduced even if the load on the display 
side is large, as described above. 
5 In one embodiment, the control element further includes a fourth MISFET of 

the first conductivity type provided between a ground and a gate electrode of the first 
MISFET for turning OFF the switching element except during the predetermined period; 
and a line connecting the fourth MISFET to the gate electrode of the first MISFET is 
connected to the second MISFET and the third MISFET. In this way, for example, even 

10 if the rising or falling of an image-forming signal input to the voltage supply line is slow 
relative to the transition of the potential of the signal line, the charge stored in the load on 
the display side can be prevented fi*om leaking toward the switch as the fourth MISFET 
turns OFF the switching element, and the second and third MISFETs are turned OFF. 
Moreover, the display device driving circuit can be driven with an image-forming signal 

15 whose timing is the same as that of an image-forming signal used in a conventional display 
device driving circuit, whereby the power consumption can be reduced without replacing 
the peripheral devices such as the controller. 

In one embodiment, the shorting means includes: a first shorting line and a 
second shorting line for electrically connecting the voltage supply line connected to the 

20 odd-numbered signal line to the voltage supply line connected to the even-numbered signal 
line during the predetermined period; a first switching element provided along the first 
shorting line, wherein the first switching element is turned ON only when the potential of 
the voltage supply line connected to the odd-numbered signal line is equal to or greater 
than the potential of the voltage supply line connected to the even-numbered signal line, 

25 and is turned OFF autonomously when the potential of the voltage supply line connected to 
the odd-numbered signal line is less than the potential of the voltage supply line connected 
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to the even-numbered signal line; and a second switching element provided along the 
second shorting line, wherein the second switching element is turned ON only when the 
potential of the voltage supply line connected to the even-numbered signal line is equal to 
or greater than the potential of the voltage supply line connected to the odd-numbered 
signal line, and is turned OFF autonomously when the potential of the voltage supply line 
connected to the even-numbered signal line is less than the potential of the voltage supply 
line connected to the odd-numbered signal line. In this way, the connection means can be 
kept ON during a period in which it is desirable to redistribute the charge between loads on 
the display section side, while the connection means can be turned OFF in response to the 
switching between the polarity of the potential of the voltage supply line connected to the 
odd-numbered signal line and the polarity of the potential of the voltage supply line 
connected to the even-numbered signal line. Thus, the charge stored in the load on the 
display section side can be eflFiciently redistributed, thereby reducing the power 
consumption. 

In one embodiment, the first switching element includes an MISFET of a first 
conductivity type whose gate electrode is connected to the first shorting line, and a first 
transfer gate; and the second switching element includes an MISFET of the first 
conductivity type whose gate electrode is connected to the second shorting line, and a 
second transfer gate. In this way, the connection means can be kept OFF, irrespective of 
the potentials of the voltage supply lines, by turning OFF the first transfer gate and the 
second transfer gate for a predetermined period of time. Alternatively, the first transfer 
gate or the second transfer gate may be turned ON, so that the first shorting line or the 
second shorting line is kept ON until the polarities of the potentials of the voltage supply 
lines connected to an odd-numbered signal line and an even-numbered signal line are 
switched around. As a result, the circuit designing process can be simplified. 

Moreover, similar effects can be obtained also when the first switching element 
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includes a first diode and a third transfer gate; and the second switching element includes a 
fourth transfer gate and a second diode, wherein the first diode and the second diode are 
arranged in opposite directions to each other with respect to a first output section and a 
second output section. 

5 In one embodiment, connecting portions of the voltage supply lines for 

connecting the voltage supply lines to the plurality of signal lines are provided in a 
plurality of wiring layers; and the connecting portions are provided so that those that are 
connected to adjacent ones of the plurality of signal lines, or those that are connected to 
ones of the plurality of signal lines of the same color, are adjacent to each other in the same 

10 wiring layer. In this way, the potential difference between adjacent connecting portions 
in the same wiring layer can be made larger than that in the prior art, whereby the product 
inspection process, e.g., the detection of defective products, can be facilitated. Thus, it is 
possible to improve the reliability of a display device driving circuit for realizing a display 
device with a reduced power consumption. t 

15 In one embodiment, connecting portions of the voltage supply lines for 

connecting the voltage supply lines to the plurality of signal lines are provided in a 
plurality of wiring layers; and among the connecting portions, those that are connected to 
adjacent ones of the plurality of signal lines, or those that are connected to ones of the 
plurality of signal lines of the same color, are separately provided in a first one of the 

20 plurality of wiring layers and in a second one of the plurality of wiring layers, the second 
wiring layer being immediately above the first wiring layer, and are arranged so as to 
overlap with each other as viewed from above. In this way, the potential difference 
between connecting portions that are arranged one on top of the other via an interlayer 
insulating film therebetween can be made larger than that in the prior art, whereby the 

25 product inspection process, e.g., the detection of defective products, can be facilitated. 

In one embodiment, the display device driving circuit further includes a 
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plurality of operational amplifiers arranged in a row for transferring the image-forming 
signals to the switches; and one of the plurality of operational amplifiers that is for 
outputting the image-forming signal to be supplied to the K^^ signal line is adjacent to 
another one of the plurality of operational amplifiers that is for outputting the image- 
forming signal to be supplied to the signal line. In this way, in a case where 
voltage supply lines for supplying image-forming signals of the same color are shorted 
with each other, it is possible to reduce the wire routing, etc., and thus to simplify the 
circuit designing process. Moreover, the circuit area can also be reduced. 

In one embodiment, a polarity of the image-forming signals to be supplied to 
the odd-numbered signal line is opposite to that of the image-forming signals to be 
supplied to the even-numbered signal line. In this way, voltage supply lines for supplying 
image-forming signals of diflFerent polarities are shorted with each other, whereby the 
redistribution of charge between loads on the display section side can be done eflSciently. 

A second display device driving circuit of the present invention is a display 
device driving circuit for use with a display device having a display section including sub- 
pixels arranged in a matrix pattern and a plurality of signal lines for supplying image- 
forming signals to the sub-pixels, the display device driving circuit including: voltage 
supply lines for transferring the image-forming signals to the plurality of signal lines; 
switches for turning ON/OFF the transfer of the image-forming signals to the voltage 
supply lines; a plurality of operational amplifiers arranged in a row for transferring the 
image-forming signals to the switches; and shorting means for electrically shorting one of 
the voltage supply lines that is connected to an odd-numbered one of the plurality of signal 
lines with another one of the voltage supply lines that is connected to an even-numbered 
one of the plurality of signal lines during a predetermined period including a period during 
which the switches are OFF, wherein one of the operational amplifiers that is for 
outputting the image-forming signal to be supplied to the K^^ signal line is adjacent to 
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another one of the operational amplifiers that is for outputting the image-forming signal to 
be supplied to the (K+3)^ signal line, where K is a natural number. In this way, in a case 
where the display device is a full-color display device using three basic colors, sub-pixels 
of the same color, which are likely to have similar gray scales, are shorted with each other, 
5 whereby the redistribution of charge between loads on the display section side can be done 
even more efficiently than when simply shorting adjacent signal lines with each other. 

In one embodiment, voltage supply lines that are for supplying the image- 
forming signals to the sub-pixels of the same color are all electrically shorted together 
during the predetermined period. In this way, the redistribution of charge between loads 

10 on the display section side can be done even more efficiently. 

A display device of the present invention includes: a display section, the 
display section including sub-pixels arranged in a matrix pattern, a plurality of signal lines 
for supplying image-forming signals to the sub-pixels, and shorting means for electrically 
shorting a first, odd-numbered one x>f the plurality of signal lines with a second, even- 

15 numbered one of the plurality of signal lines during a predetermined period, wherein the 
shorting means can be turned OFF autonomously when a potential of a voltage supply line 
connected to the odd-numbered signal line and a potential of a voltage supply line 
connected to the even-numbered signal line are switched around; and a display device 
driving circuit provided along a fi^ame portion of the display section and including a first 

20 voltage supply line connected to the first signal line and a second voltage supply line 
connected to the second signal line. 

With such a configuration, the driving circuit can be controlled so that the 
connection means is turned OFF autonomously when the polarity of the potential of the 
odd-numbered signal line and the polarity of the potential of the even-numbered signal line 

25 are switched around, whereby the connection means can be kept ON until the distribution 
of charge between a load on the display section side including the odd-numbered signal 
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line and a load on the display section side including the even-numbered signal line is 
completed. As a result, it is possible to reduce the amount of current flowing from the 
display device driving circuit to the display section. 

In one embodiment, the sub-pixels include groups of sub-pixels for different 
colors to be displayed; and the first signal line and the second signal line are signal lines 
for supplying the image-forming signals to the sub-pixels of the same color. In this way, 
sub-pixels of the same color, which are likely to have similar gray scales, are shorted with 
each other, whereby the power consumption is even more reduced than when simply 
shorting adjacent signal lines with each other. 

In one embodiment, signal lines that are for supplying the image-forming 
signals to the sub-pixels of the same color are all electrically shorted together. In this 
way, the power consumption can be reduced more effectively. 

In one embodiment, the shorting means includes: a shorting line for electrically 
connecting the odd-numbered signal line to the even-numbered signal jline during the 
predetermined period; a switching element provided along the shorting line and including a 
control section; and a control element for performing a control so that either the potential 
of the voltage supply line connected to the odd-numbered signal line or the potential of the 
voltage supply line connected to the even-numbered signal line is applied to the control 
section at least during the predetermined period. In this way, the switching element can 
be turned OFF autonomously in response to the switching between the polarity of the 
potential of the voltage supply line connected to the odd-numbered signal line and the 
polarity of the potential of the voltage supply line connected to the even-numbered signal 
line. 

In one embodiment, the shorting means includes: a first shorting line and a 
second shorting line for electrically connecting the odd-numbered signal line to the even- 
numbered signal line during the predetermined period; a first switching element provided 
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along the first shorting line, wherein the first switching element is turned ON only when 
the potential of the voltage supply line connected to the odd-numbered signal line is equal 
to or greater than the potential of the voltage supply line connected to the even-numbered 
signal line, and is turned OFF autonomously when the potential of the voltage supply line 
5 connected to the odd-numbered signal line is less than the potential of the voltage supply 
line connected to the even-numbered signal line; and a second switching element provided 
along the second shorting line, wherein the second switching element is turned ON only 
when the potential of the voltage supply line coxmected to the even-numbered signal line is 
equal to or greater than the potential of the voltage supply line connected to the odd- 

10 numbered signal line, and is turned OFF autonomously when the potential of the voltage 
supply line connected to the even-numbered signal line is less than the potential of the 
voltage supply line connected to the odd-numbered signal line. In this way, the 
connection means can be kept ON during a period in which it is desirable to redistribute 
the charge between loads on the display section side, while the connection means can be 

15 turned OFF in response to the switching between the polarity of the potential of the voltage 
supply line connected to the odd-numbered signal line and the polarity of the potential of 
the voltage supply line connected to the even-numbered signal line. Thus, the charge 
stored in the load on the display section side can be efficiently redistributed, thereby 
reducing the power consumption. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram illustrating a liquid crystal display device according 
to a first embodiment of the present invention. 

FIG. 2 is a block diagram schematically illustrating a configuration of a signal 
25 line driving circuit of the present invention. 

FIG. 3 is a circuit diagram illustrating a configuration of an output circuit in the 
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signal line driving circuit according to the first embodiment. 

FIG. 4 is a timing chart illustrating voltage transitions at various points in the 
output circuit and transitions of a current flowing through a shorting line, in the signal line 
driving circuit according to the first embodiment. 

FIG. 5 is a circuit diagram illustrating a configuration of an output circuit in a 
signal line driving circuit according to a second embodiment of the present invention. 

FIG. 6 is a circuit diagram illustrating a configuration of an output circuit in a 
signal line driving circuit according to a third embodiment of the present invention. 

FIG. 7 is a timing chart illustrating voltage transitions at various points in the 
output circuit and transitions of a current flowing through a shorting line, in the signal line 
driving circuit according to the third embodiment. 

FIG. 8 is a circuit diagram illustrating a configuration of an output circuit in a 
signal line driving circuit according to a fourth embodiment of the present invention. 

FIG. 9i is a circuit diagram illustrating a configuration of an output circuit in a 
signal line driving circuit according to a fifth embodiment of the present inventionr 

FIG. 10 is a timing chart illustrating voltage transitions at various points in the 
output circuit and transitions of currents flowing through shorting lines, in the signal line 
driving circuit according to the fifth embodiment. 

FIG. 11 is a circuit diagram illustrating another signal line driving circuit 
according to the fifth embodiment where diodes are used instead of shorting transistors. 

FIG. 12A is a block diagram illustrating a circuit layout of a signal line driving 
circuit of the present invention, FIG. 12B illustrates a layout of connection means, and FIG. 
12C illustrates a wiring structure of an output section of a signal line driving circuit 
according to a sixth embodiment of the present invention. 

FIG. 13 is a block diagram illustrating a circuit layout of a signal line driving 
circuit according to a seventh embodiment of the present invention. 
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FIG. 14 is a circuit diagram illustrating a conventional full-color liquid crystal 
display device. 

FIG. 15 illustrates an output circuit of a conventional signal line driving circuit, 
FIG. 16 is a timing chart illustrating voltage transitions at various points in the 

conventional output circuit. 

FIG. 17 is a block diagram schematically illustrating a mask layout of the 

output circuit in the conventional signal line driving circuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIRST EMBODIMENT 

A liquid crystal display device according to the first embodiment of the present 
invention is characterized by the means for shorting output sections of a signal line driving 
circuit (display device driving circuit) with each other. 

FIG. 1 is a circuit diagram illustrating a liquid crystal display device used in a 
dot inversion driving mode according to the first embodiment of the present invention. 

As illustrated in FIG. 1, the liquid crystal display device of the present 
embodiment includes a signal line driving circuit 18 provided along the upper or lower 
side of the bezel portion, a scanning line driving circuit 19 provided along the left or right 
side of the bezel portion, and a display section (liquid crystal panel). 

The display section whose configuration is similar to that of the conventional 
example includes a plurality of signal lines 62a, 62b, 62c, (hereinafter referred to 
collectively as "signal lines 62") extending in the column direction (the vertical direction in 
the figure) fi'om the signal line (source) driving circuit 18, a plurality of scanning lines 
(gate lines) 61a, 61b, 61c, (hereinafter referred to collectively as "scanning lines 61") 
extending in the row direction (the horizontal direction in the figure) fi"om the scanning 
line (gate line) driving circuit 19, and sub-pixels 63 arranged in a matrix pattern. Each 
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sub-pixel 63 is located near one of a plurality of intersections between the signal lines 62 
and the scanning lines 61. Moreover, each sub-pixel 63 includes a liquid crystal cell 65, a 
hold condenser 66 and a TFT 64. The liquid crystal material in the liquid crystal cell 65 
is interposed between a pixel electrode and a counter electrode. 
5 The signal line driving circuit 18 is normally a multiple-output integrated 

circuit, and supplies output voltages Voutl, Vout2, VoutS, to the source electrodes of 
the TFTs 64. Herein, the output voltages Voutl, Vout2, Vout3, are used for driving 
sub-pixels of R, G, B, respectively. The signal line driving circuit 18 is provided only 
along the upper or lower side of the bezel portion of the liquid crystal display device in 

10 FIG. 1, it may be divided into two parts that are provided respectively along the upper and 
lower sides of the bezel portion. In such a case, in the signal line driving circuit 18 
provided along the upper side, an output section for supplying a signal to an even- 
numbered signal line 62 and an output section for applying a signal to an odd-numbered 
signal line 62 are provided so as to be adjacent to each other. Similarly, in the signal line 

15 driving circuit 18 provided along the lower side, an output section for supplying a signal to 
an even-numbered signal line 62 and an output section for applying a signal to an odd- 
numbered signal line 62 are provided so as to be adjacent to each other. 

Moreover, also the scanning line driving circuit 19 is normally a multiple- 
output integrated circuit, and supplies output voltages to the gate electrodes of the TFTs 64. 

20 Note that although shorting means 2, including a first control transistor 1, a 

second control transistor 3 and a shorting transistor 5, is shown in FIG. 1 to be outside the 
signal line driving circuit 18, it is actually provided inside the signal line driving circuit 18. 
The shorting means 2 is for electrically shorting adjacent output sections of the signal line 
driving circuit 18 with each other. In the present embodiment, for example, an R level 

25 output section is shorted with a G level output section, and a B level output section is 
shorted with an R level output section. Alternatively, output sections of the same color 
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may be shorted with each other. This will be described in detail in subsequent 
embodiments. 

Next, the signal line driving circuit 18 (hereinafter referred to as "the signal 
line driving circuit of the present embodiment"), which is a characteristic feature of the 
present embodiment, will be described. 

FIG 2 is a block diagram schematically illustrating a configuration of the 
signal line driving circuit of the present embodiment. 

As illustrated in FIG. 2, the signal line driving circuit of the present 
embodiment includes a bidirectional shift register 71, a data register 72, a D/A converter 
73 and an output circuit 74, which are connected together in this order. Note that 
although not shown in the figure, the data register 72 includes a first-stage latch and a 
second-stage latch. 

In the signal line driving circuit, the bidirectional shift register 71 receives a 
start pulse HSTR (or HSTL) to generate, in synchronization with a horizontal clock HCK, 
a shift pulse for successively transferring data. The first-stage latch in the data register 72 
receives the shift pulse to latch digital data DAI -6, DBl-6 and DCl-6 for outputting signal 
voltages for different sub-pixels. Then, as the data register 72 receives a data load signal 
LOAD, the digital data DA 1-6, DBl-6 and DC 1-6 are transferred to the second-stage latch 
and, at the same time, output to the D/A converter 73. The D/A converter 73 converts the 
digital signal held in the data register 72 into an analog signal Then, image-forming 
signals obtained by the digital-to-analog conversion are output from the output circuit 74. 

Note that the characteristic feature of the signal line driving circuit of the 
present embodiment lies inside the output circuit 74, and thus the signal line driving circuit 
may take any alternative configuration other than that illustrated in FIG. 2. 

FIG. 3 is a circuit diagram illustrating the configuration of the output circuit in 
the signal line driving circuit of the present embodiment. 
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As illustrated in FIG. 3, the signal line driving circuit of the present 
embodiment includes operational amplifiers Ampl and Anip2 whose outputs are fed back 
to their inputs, output sections outl and out2 for supplying the output voltages Voutl and 
Vout2, respectively, to the liquid crystal panel, a voltage supply line SI connecting the 
5 output section of the operational amplifier Ampl to the output section outl, a voltage 
supply line S2 connecting the output section of the operational amplifier Amp2 to the 
output section out2, a switch SWl provided along the voltage supply line SI, a switch 
SW2 provided along the voltage supply line S2, and the shorting means 2 provided 
between the voltage supply line SI and the voltage supply line S2 for shorting the output 

10 section outl with the output section out2. Herein, the term "output section" refers to a 
portion of a voltage supply line that is connected to the signal line 62 of the display section. 

The shorting means 2 is provided between a portion of the voltage supply line 
SI (a portion between the switch SWl and the output section outl) and a portion of the 
voltage supply line S2 (a portion between the switch SW2 and the output section out2), 

15 and has a different configuration . from that of the conventional shorting means. 

Specifically, the shorting means 2 includes the first control transistor 1, the 
second control transistor 3 and the shorting transistor 5. The first control transistor 1 and 
the second control transistor 3 are provided along a line extending between the voltage 
supply line SI and the voltage supply line S2. The shorting transistor 5 is provided along 

20 a shorting line e?rtending between the voltage supply line SI and the voltage supply line S2, 
and the gate electrode of the shorting transistor 5 is connected between the first control 
transistor 1 and the second control transistor 3. Herein, the first control transistor 1 and 
the second control transistor 3 are P-channel MISFETs controlled by control signals Vb 
and Va, respectively, and the shorting transistor 5 is an N-channel MISFET. Note that a 

25 current flows through the shorting line along which the shorting transistor 5 is provided 
when output sections are shorted with each other, as will be described later. 
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Next, the operation of the output circuit will be described. 

FIG. 4 is a timing chart illustrating voltage transitions at various points in the 
output circuit and transitions of the current flowing through the shorting line, in the signal 
line driving circuit of the present embodiment. Note that the output waveforms from the 
operational amplifiers Ampl and Ainp2 are the same as the input waveforms thereto. 

As the signal line driving circuit of the present embodiment is used in a dot 
inversion driving mode, the polarity of the input voltage to each of the operational 
amplifiers Ampl and Ainp2 is inverted for every horizontal scanning period. Moreover, 
the voltages Voutl and Vout2 of the adjacent output sections outl and out2 are voltages of 
opposite polarities with respect to a common voltage Vcom (not shown). 

First, as illustrated in FIG. 4, during the period B (the high impedance period 
of the operational amplifiers Ampl and Ampl) in the horizontal scanning period HI, the 
polarities of input voltages Vinl and Vin2 to the operational amplifiers Ampl and Amp2 
transition fi-om (+) and (-) to (-) and (+), respectively. In this period B, the switches SWl 
and S'W2 are both turned OFF. 

The control voltage Vb is at the low level (low voltage), and the control 
voltage Va is at the high level (high voltage). Thus, in the period B, the first control 
transistor 1 is ON, and the second control transistor 3 is OFF. 

At the start of the period B, the polarity of Voutl is (+) and the polarity of 
Vout2 is (-), whereby Voutl of a high voltage is input to the gate electrode of the shorting 
transistor 5, thus turning ON the shorting transistor 5. Therefore, the current I flows fi-om 
a panel-side load connected to the output section outl to a panel-side load connected to the 
output section out2 via the shorting transistor 5. 

Note that in the signal line driving circuit of the present embodiment, the 
shorting transistor 5 is ON while Vth<(Voutl-Vout2) is satisfied in a case where 
Voutl>Vout2, and the shorting transistor 5 is ON while Vth<(Vout2-Voutl) is satisfied in 
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a case where Voutl<Vout2. Herein, Vth is the threshold voltage of the shorting transistor 
5 with respect to the substrate potential. 

Thus, the shorting transistor 5 will not be turned OFF at least until completion 
of the distribution of the charge stored in the load. 
5 With the operation as described above, the potential of the output section outl 

can be brought closer to that of the output section out2 without consuming power. Note 
that at this time, it is regarded that the potential of the voltage supply line SI is equal to 
that of the output section outl, and the potential of the voltage supply line S2 is equal to 
that of the output section out2. 

10 Next, during the period A in the horizontal scanning period HI, the switches 

SWl and SW2 are both turned ON, and the outputs of the operational amplifiers Ampl 
and Ampl are transferred to the output sections outl and out2, respectively. At this time, 
the load connected to the output section outl discharges a current flowing from the output 
section outl to the operational amplifier Ampl, and the load connected to the output 

15 section out2 is charged with the current flowing from the operational amplifier Amp2 to 
the output section out2. 

Moreover, in the period A, as in the period B, the control voltage Vb is at the 
low level, and the control voltage Va is at the high level, whereby the gate electrode of the 
shorting transistor 5 remains connected to the output section outl. Therefore, the 

20 shorting transistor 5 is turned OFF autonomously when the potential difference between 
Voutl and Vout2 becomes less than Vth immediately after the start of the period A, as 
illustrated in FIG, 4, 

Next, during the horizontal scanning period H2 following the horizontal 
scanning period HI, the polarities of Voutl and Vout2, the polarities of Vinl and Vin2, 
25 etc., are opposite to those during the horizontal scanning period HI . 

In the period B, the switches SWl and SW2 are both turned OFF, and the 
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shorting transistor 5 is turned ON as the gate electrode thereof is connected to the output 
section out2. Then, the current I flows from the output section out2 to the output section 
outl via the shorting transistor 5. 

Then, in the period A, the switches SWl and SW2 are turned ON, and the 
shorting transistor 5 is turned OFF when the potential difference between Voutl and Vout2 
becomes less than Vth. 

Thereafter, the horizontal scanning period HI and H2 are repeated. 

As described above, with the signal line driving circuit of the present 
embodiment, the charge stored in a panel-side load can be distributed to an adjacent load 
without wasting the charge, whereby the power consumption can be reduced. 

The power conversing function of the signal line driving circuit of the present 
embodiment is particularly pronounced when the panel-side load capacitance is large. 

When the panel-side load capacitance is large, charge distribution between 
loads may not be- completed within the period B of the horizontal scanning period HI, for 
example. With the signal line driving circuit of the present embodiment, even in the 
period A, the shorting transistor 5 remains ON until the polarities of Voutl and Vout2 are 
switched around, whereby the charge distribution between loads is continued. Thus, only 
a small amount of charge is required from the output of the operational amplifier Ainp2. 

In contrast, in the conventional signal line driving circuit, the shorting transfer 
gate is turned OFF at the end of the period B. Typically, one horizontal scanning period 
is about 10 p,sec, and the period B thereof is as short as about 40 to 50 nsec, and it is 
difficult to completely redistribute the charge stored in panel-side loads within such a short 
period of time. 

The power consumption reducing effect as described above can be obtained 
similarly in the horizontal scanning period H2. 

As described above, with the signal line driving circuit of the present 
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embodiment, the power consumption can be reduced effectively even if the panel 

capacitance is larger than those in the prior art. Thus, with the signal line driving circuit 

of the present embodiment, it is possible to realize a large-screen liquid crystal display 

device in which the power consumption is suppressed. 
5 Moreover, the amount of current flowing through the operational amplifiers 

Ampl and Anip2 can be reduced, whereby heat generation in the signal line driving circuit 

can be suppressed, and the circuit is less likely to malfunction due to heat. 

Furthermore, in the signal line driving circuit of the present embodiment, it is 

only required, for the purpose of power conservation, to reduce the ON resistance of the 
10 shorting transistor 5, whereby the first control transistor 1 and the second control transistor 

3 can be made in their minimum size. Therefore, the circuit area can also be reduced as 

compared with the conventional signal line driving circuit. 

Note that in the signal line driving circuit of the present embodiment, it is 

preferred that the operational amplifiers Ampl and Ainp2 have a sufficiently high 
15 response speed so that the charge of a panel side load can be redistributed without wasting 

the charge. 

Note that referring to FIG. 3, the point at which the line connected to the first 
control transistor 1 diverges fi-om the voltage supply line SI and the point at which the line 
connected to the second control transistor 3 diverges from the voltage supply line S2 may 

20 be provided closer to the output sections than the points at which the line connected to the 
shorting transistor 5 diverges fi'om the voltage supply lines SI and S2, respectively. 

Note that in the above description of the signal line driving circuit of the 
present embodiment, the first control transistor 1 and the second control transistor 3 are P- 
channel MISFETs while the shorting transistor 5 is an N-channel MISFET. However, 

25 similar effects can be obtained when the control transistors are both N-channel MISFETs 
while the shorting transistor 5 is a P-channel MISFET, 
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Moreover, the first control transistor 1, the second control transistor 3 and the 
shorting transistor 5 may be bipolar transistors. 

Note that in the signal line driving circuit of the present embodiment, the 
shorting means 2 may be provided between every pair of adjacent voltage supply lines, or 
may only be provided between a particular pair or particular pairs of voltage supply lines. 

Moreover, the application of the signal line driving circuit of the present 
embodiment is not limited to liquid crystal display devices, but the signal line driving 
circuit of the present embodiment can be used in any suitable display device in which a 
charge is stored in a panel-side load, e.g., an EL (ElectroLuminescence) display device. 
This is true also with the subsequent embodiments. 

Note that while the shorting means for shorting output sections with each other 
is provided within the signal line driving circuit in the present embodiment, it may 
alternatively be provided within the liquid crystal panel. In such a case, the transistors 
forming the shorting means may be provided in a sub-pixel on the same substrate on which 
TFTs are formed, and may be made of polysilicon or amorphous silicon. This also is true 
with the subsequent embodiments. 

Moreover, the signal line driving circuit may be provided to the user in the 
form of a semiconductor chip, a TCP or a COF (Chip On Film). 

Note that the MISFETs used in the signal line driving circuit of the present 
invention are most preferably MOSFETs as they are easy to manufacture. 

SECOND EMBODIMENT 

The second embodiment of the present invention will now be described below. 
The second embodiment of the present invention is directed to a signal line driving circuit 
including shorting means of the same configuration as that of the first embodiment, 
wherein output sections of the same color are shorted with each other by the shorting 
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means. 

Note that the configuration of the signal line driving circuit other than the 
output circuit, and the configuration of the liquid crystal panel to be driven by the signal 
line driving circuit are similar to those of the first embodiment. 

FIG. 5 is a circuit diagram illustrating the configuration of the output circuit in 
the signal line driving circuit of the present embodiment. 

As illustrated in FIG. 5, the signal line driving circuit of the present 
embodiment includes operational amplifiers Ampl, Amp2, AmpN (where N is the 
number of outputs per signal line driving circuit on one chip) whose outputs are fed back 
to their inputs, output sections outl, out2, ouIn for supplying output voltages Voutl, 
Vout2, VoutN, respectively, to the liquid crystal panel, a voltage supply line Sk 
connecting the output section of the K^^ (where 1<K+3<N; K is a natural number) 
operational amplifier Ampx to the output section ouIk, a switch SWk provided along the 
. voltage supply line Sk, and shorting means 2a, 2b, (hereinafter referred to collectively 
as "shorting means 2") provided between the voltage supply line Sk and the voltage supply 
line Sk+3 for shorting the output section outK with the output section outK+3. The number 
N of outputs per signal line driving circuit provided on one chip is 384 or 480, for example. 

Moreover, since the signal line driving circuit of the present embodiment is for 
use with a full-color liquid crystal display device, the N output sections connected to the N 
voltage supply lines are arranged in the circuit in a predetermined order of color, e.g., R-G- 
B-R-G-B. Note that in the signal line driving circuit of the present embodiment, when the 
shorting means is turned ON, the voltage supply lines SI and S4, and S7 and SIO, are 
electrically shorted with each other. Alternatively, the voltage supply lines S4 and S7 
may be further shorted with each other, or voltage supply lines that are connected to the 
output sections of the same color may all be shorted together. Alternatively, each set of a 
predetermined number of voltage supply lines may be shorted together. 
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Each shorting means 2 includes the same components as that of the first 
embodiment. 

Specifically, the shorting means 2 includes the first control transistor 1, the 
second control transistor 3 and the shorting transistor 5. The first control transistor 1 and 
the second control transistor 3 are provided along a line extending between the voltage 
supply line Sk and the (K+S)*** voltage supply line Sk+3. The shorting transistor 5 is 
provided along a shorting line extending between the voltage supply line Sk and the 
voltage supply line Sk+3, and the gate electrode of the shorting transistor 5 is connected 
between the first control transistor 1 and the second control transistor 3. Herein, the first 
control transistor 1 and the second control transistor 3 are P-channel MISFETs controlled 
by the control signals Vb and Va, respectively, and the shorting transistor 5 is an N- 
channel MISFET. 

Note that the term "first control transistor 1" represents one of a plurality of 
first control transistors la, lb, illustrated in FIG. 5, "second control transistor 3" 
represents one of a plurality of second control transistors 3a, 3b, and "shorting 
transistor 5" represents one of a plurality of shorting transistors 5a, 5b, .... 

Moreover, in the present embodiment, the same control signal Vb is input to 
the gate electrodes of the first control transistors 1, and the same control signal Va is input 
to the gate electrode of the second control transistors 3. 

Note that the operation of the output circuit in the signal line driving circuit of 
the present embodiment is basically the same as that of the signal line driving circuit of the 
first embodiment illustrated in FIG. 4. 

Note however that in the signal line driving circuit of the present embodiment, 
output sections of the same color are shorted with each other. Accordingly, exchanging 
"Vinl" for "VinK" (an input signal to the K"** voltage supply line), "Vin2" for "VinK+3", 
"Voutl" for "VoutK" and "Vout2" for "VoutK+3" in FIG, 4 describes the operation of the 
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present embodiment. 

As described above, in the signal line driving circuit of the present embodiment, 
output sections of the same color are all shorted together at a predetermined time, whereby 
the charge stored in the panel-side loads can be distributed more efficiently than in the first 
embodiment. 

This is because in a liquid crystal panel, sub-pixels of the same color are more 
likely to have similar gray scales than sub-pixels of different colors. 

For example, when a solid red display is rendered on a 64-gray-scale liquid 
crystal display device, the R level is 64 while the G and B levels are both 0. In such a 
case, when an R output section and a G output section are shorted with each other as in the 
first embodiment, the amount of charge stored in the R load is greater than the amount of 
charge stored in the G load, whereby the panel-side loads cannot be redistributed 
effectively. 

In contrast, with the signal line driving circuit of the present embodiment, R 
output sections (or G or B output sections) are shorted with each other, whereby charge is 
exchanged between loads at the same gray scale, and the charge is redistributed efficiently. 
Therefore, with the signal line driving circuit of the present embodiment, it is possible to 
realize a liquid crystal display device with a reduced power consumption as compared with 
a conventional signal line driving circuit. While the operation has been described while 
using a solid red display as an example, for the sake of simplicity, similar power 
conserving effects can be obtained in a normal display because adjacent sub-pixels of the 
same color are likely to have similar gray scales. 

Moreover, while an output section of a color is shorted with the nearest output 
section of the same color in the example illustrated in FIG. 5, more than two output 
sections of the same color may be electrically shorted with each other, or all output 
sections of the same color may be shorted together. When all of the output sections of the 
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same color are electrically shorted together, the potentials of the output sections are better 
averaged and brought closer to the middle potential (common voltage), whereby charge 
can be redistributed more reliably. 

Note that MISFETs, which can be integrated easily, are used for the shorting 
5 means of the present embodiment, and the first control transistor 1 and the second control 
transistor 3 can be made in their minimum size as in the first embodiment, whereby the 
circuit area can be reduced as compared with the conventional signal line driving circuit. 

Note that the first control transistor 1 and the second control transistor 3 may 
both be N-channel MISFETs, and the shorting transistor 5 may be a P-charmel MISFET. 
10 Moreover, the first control transistor 1, the second control transistor 3 and the 

shorting transistor 5 may be bipolar transistors. 

Note that the configuration of the present embodiment where output sections of 
the same color are shorted with each other provides a power conserving effect by itself. 
Therefore, it can be used effectively even in a case where the shorting means is simply a 
15 transfer gate as in the conventional circuit. 

Note that an actual circuit layout for realizing the circuit configuration 
illustrated in FIG. 5 will be described later in subsequent embodiments. In the present 
embodiment, the circuit is shown so that a pair of adjacent output sections of the same 
color interpose output sections of other colors therebetween. However, in an actual 
20 circuit layout, output sections of the same colors may be arranged with no output sections 
of other colors therebetween. Note however that the signal lines on the panel side are 
normally arranged in the order of color, e.g., R-G-B-R.... 

THIRD EMBODIMENT 
25 A signal line driving circuit according to the third embodiment of the present 

invention is obtained by partially modifying the configuration of the shorting means of the 
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first embodiment, 

FIG. 6 is a circuit diagram illustrating the configuration of the output circuit in 
the signal line driving circuit of the present embodiment. 

As illustrated in FIG. 6, the signal line driving circuit of the present 
5 embodiment includes operational amplifiers Ampl and Amp2 whose outputs are fed back 
to their inputs, output sections outl and out2 for supplying the output voltages Voutl and 
Vout2, respectively, to the liquid crystal panel, a voltage supply line SI connecting the 
output section of the operational amplifier Ampl to the output section outl, a voltage 
supply line S2 connecting the output section of the operational amplifier Amp2 to the 

10 output section out2, a switch SWl provided along the voltage supply line SI, a switch 
SW2 provided along the voltage supply line S2, and shorting means 30 provided between 
the voltage supply line SI and the voltage supply line S2 for shorting the output section 
outl with the output section out2. The shorting means 30 is provided between a portion 
of the voltage supply line SI (a portion between the switch SWl and the output section 

15 outl) and apportion of the voltage supply line S2 (a portion between the switch SW2 and 
the output section out2). 

The shorting means 30 includes a first control transistor 21, a second control 
transistor 23, a shorting transistor 25 and a third control transistor 34. The first control 
transistor 21 and the second control transistor 23 are provided along a line extending 

20 between the voltage supply line SI and the voltage supply line S2. The shorting 
transistor 25 is provided along a line extending between the voltage supply line SI and the 
voltage supply line S2, and the gate electrode thereof is connected to a line extending 
between the first control transistor 21 and the second control transistor 23. The third 
control transistor 34 is controlled by a control signal Vc, and is provided between the 

25 ground and the gate electrode of the shorting transistor 25. Herein, the first control 
transistor 21 and the second control transistor 23 are P-channel MISFETs controlled by 
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control signals Vb and Va, respectively, and the shorting transistor 25 is an N-channel 
MISFET. Moreover, the third control transistor 34 is an N-channel MISFET, and the line 
connecting the third control transistor 34 to the gate electrode of the shorting transistor 25 
is connected to the line connecting the first control transistor 21 to the second control 
transistor 23. 

Note that while only two voltage supply lines SI and S2 and two output 
sections are shown in FIG. 6, one signal line driving circuit actually includes multiple (e.g., 
512) voltage supply lines and multiple output sections. Moreover, in the circuit diagram, 
the output sections are arranged in a predetermined order, e.g., R-G-B-R-G-B.... Actual 
layout of the lines and the output sections will be described in subsequent embodiments. 

As described above, the signal line driving circuit of the present embodiment 
differs from the first embodiment in that the third control transistor 34 for controlling the 
shorting transistor 25 is further provided. 

Next, the effect of the provision of the third control transistor 34 will be 
described in connection with the operation of the output circuit. 

FIG. 7 is a timing chart illustrating voltage transitions at various points in the 
output circuit and transitions of the current flowing through the shorting line, in the signal 
line driving circuit of the present embodiment. 

First, as illustrated in FIG. 7, during the period B in the horizontal scanning 
period HI, the polarities of input voltages Vinl and Vin2 to the operational amplifiers 
Ampl and Ainp2 transition from (+) and (-) to (-) and (+), respectively. In this period B, 
the switches SWl and SW2 are both turned OFF. 

In this period, the control voltage Vb is at the low level, the control voltage Va 
is at the high level, and the control voltage Vc is at the low level. Therefore, in the period 
B, the first control transistor 21 is ON, the second control transistor 23 is OFF, and the 
third control transistor 34 is OFF. 
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At the start of the period B, a high voltage Voutl is input to the gate electrode 
of the shorting transistor 25, thereby turning ON the shorting transistor 25. Therefore, the 
current I flows from a panel-side load connected to the output section outl to a panel-side 
load connected to the output section out2 via the shorting transistor 25. 

Note that also in the signal line driving circuit of the present embodiment, the 
shorting transistor 25 is ON when the threshold voltage Vth of the shorting transistor 25 is 
less than the difference between Voutl and Vout2. Therefore, in the period B, the 
shorting transistor 25 will not be turned OFF until completion of the distribution of the 
charge stored in the load. Up to this point, the operation is similar to that of the first 
embodiment. 

Next, during the period A in the horizontal scanning period HI, the switches 
SWl and SW2 are both turned ON, and the outputs of the operational amplifiers Ampl 
and Ainp2 are transferred to the output sections outl and out2, respectively. At this time, 
the load connected to the;output section outl discharges a current flowing from the output^ 
section outl to the operational amplifier Ampl, and the load connected to the output 
section out2 is charged with the current flowing from the operational amplifier Ainp2 to 
the output section out2. 

Moreover, in the period A, the control voltages Vb and Vc transition to the 
high level, and the control voltage Va remains at the high level. Therefore, the first 
control transistor 21 and the second control transistor 23 are OFF, and the third control 
transistor 34 is ON, thereby grounding the gate electrode of the shorting transistor 25. As 
a result, the shorting transistor 25 is turned OFF quickly. 

Then, in the following horizontal scanning period, an operation as described 
above is repeated with the polarities of the voltages of the output sections outl and out2 
being reversed from those during the horizontal scanning period HI. 

As described above, a feature of the operation of the signal line driving circuit 

34 



of the present embodiment is in that the shorting transistor 25 is turned OFF quickly in the 
period A illustrated in FIG. 7. 

When the operational amplifiers Ampl and Amp2 are slow, or when the 
output load is under particular conditions, the charge redistributed to panel-side loads via 
the shorting transistor 25 may be drawn by the operational amplifiers Ampl and Ainp2. 
For example, where the voltage transitions of the outputs from the operational amplifiers 
Ampl and Ainp2 are slower than the transitions of the voltages Voutl and Vout2 of the 
output sections, and the output voltage of the operational amplifier Amp2 is still lower 
than Vout2 at the start of the period A in the horizontal scanning period HI, the current I is 
drawn by the operational amplifier Amp2 if the shorting transistor 25 is still ON. 
Moreover, the output load is determined by the resistance of the operational amplifiers and 
the lines of the output circuit, and the current passing through the shorting means may flow 
into the operational amplifiers depending on the value of k. 

However, with the signal line driving circuit of the present embodiment, the 
shorting transistor 25 is turned OFF quickly in the period. A, the charge of the panel-side 
loads can be redistributed reliably without losing the charge. 

As described above, with the signal line driving circuit of the present 
embodiment, it is not necessary to optimize the output load, whereby the circuit designing 
process can be simplified. Moreover, the effect of reducing the power consumption is 
less likely to be influenced by the response speed of the operational amplifiers. 

In addition, since only MISFETs, which can be integrated easily, are used for 
the shorting means 30, the circuit area can be made smaller. 

Moreover, since the signal line driving circuit of the present embodiment is 
compatible with a controller (a device for producing the cycle of a signal) used in a 
conventional liquid crystal display device, it is possible to reduce the power consumption 
without modifying the external circuit. 
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FOURTH EMBODIMENT 

The fourth embodiment of the present invention will now be described below. 
The fourth embodiment of the present invention is directed to a signal line driving circuit 
including shorting means of the same configuration as that of the third embodiment, 
wherein output sections of the same color are shorted v^th each other by the shorting 
means. 

Note that the configuration of the signal line driving circuit other than the 
output circuit, and the configuration of the liquid crystal panel to be driven by the signal 
line driving circuit are similar to those of the first to third embodiments. 

FIG. 8 is a circuit diagram illustrating the configuration of the output circuit in 
the signal line driving circuit of the present embodiment. 

As illustrated in FIG. 8, the signal line driving circuit of the present 
embodiment includes operational amplifiers Ampl, Ainp2, AmpN (where N is the 
number of outputs per signal line driving circuit on one chip) whose outputs are fed back 
to their inputs, output sections outl, out2, outw for supplying output voltages Voutl, 
Vout2, VoutN, respectively, to the liquid crystal panel, a voltage supply line Sk 
connecting the output section of the K*^ (where l<K+3^; K is a natural number) 
operational amplifier AmpK to the output section outK, a switch SWk provided along the 
voltage supply line Sk, and shorting means 30a, 30b, (hereinafter referred to 
collectively as "shorting means 30") provided between the voltage supply line Sk and the 
voltage supply line Sk+3 for shorting the output section outK with the output section outK+3. 
The number N of outputs per signal line driving circuit provided on one chip is 384 or 480, 
for example. 

Moreover, since the signal line driving circuit of the present embodiment is for 
use with a full-color liquid crystal display device, the N output sections connected to the N 
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voltage supply lines are arranged in the circuit in a predetermined order of color, e.g., R-G- 
B-R-G-B. Note that in the signal line driving circuit of the present embodiment, when the 
shorting means is turned ON, the voltage supply lines SI and S4, and S7 and SIO, are 
electrically shorted with each other. Alternatively, the voltage supply lines S4 and S7 
may be further shorted with each other, or voltage supply lines that are connected to the 
output sections of the same color may all be electrically shorted together. Note that the 
number of output sections to be shorted together may be any suitable number equal to or 
greater than 2. 

The shorting means 30 includes the first control transistor 21, the second 
control transistor 23, the shorting transistor 25 and the third control transistor 34. The 
first control transistor 21 and the second control transistor 23 are provided along a first line 
extending between the K**' voltage supply line Sk and the voltage supply line Sk+3. 

The shorting transistor 25 is provided along a shorting line extending between the voltage 
supply line Sk and the voltage supply line Sk+3, and the gate electrode thereof is connected 
between the first control transistor 21 and the second control transistor 23. The third 
control transistor 34 is connected to a line between the first control transistor 21 and the 
second control transistor 23 and is provided between the gate electrode of the shorting 
transistor 25 and the ground. Herein, the first control transistor 21 and the second control 
transistor 23 are P-channel MISFETs controlled by the control signals Vb and Va, 
respectively, and the third control transistor 34 is an N-channel MISFET controlled by the 
control signal Vc. Moreover, the shorting transistor 25 is an N-channel MISFET. 

Note that the operation of the output circuit in the signal line driving circuit of 
the present embodiment is basically the same as that of the signal line driving circuit of the 
first embodiment illustrated in FIG. 7. 

Note however that in the signal line driving circuit of the present embodiment, 
output sections of the same color are shorted with each other. Accordingly, exchanging 



"Vinl" for "ViriK" (an input signal to the K*^ voltage supply line), "Vin2" for "VinK+3", 
"Voutl" for "VoutK" and "Vout2" for "VoutK+3" in FIG. 7 describes the operation of the 
present embodiment. 

As described above, in the signal line driving circuit of the present embodiment, 
output sections of the same color are all shorted together at a predetermined time, whereby 
the charge stored in the panel-side loads can be distributed more eflRciently than with the 
signal line driving circuit of the third embodiment. 

Thus, with the signal line driving circuit of the present embodiment, it is 
possible to realize a large liquid crystal television or a large liquid crystal display for 
personal computers, with a reduced power consumption. 

FIFTH EMBODIMENT 

A signal line driving circuit according to the fifth embodiment of the present 
invention is characterized by the provision of two shorting lines through which a current 
flows when output sections are shorted with each other. 

FIG. 9 is a circuit diagram illustrating the configuration of the output circuit in 
the signal line driving circuit of the present embodiment. 

As illustrated in FIG. 9, the configuration of the signal line driving circuit of 
the present embodiment is the same as that of the first or third embodiment except for 
shorting means 40. Therefore, only the shorting means 40 will be described below. 

The shorting means 40 connects the voltage supply line SI to the voltage 
supply line S2, and includes a first shorting line and a second shorting line, through which 
a current passes when the output section outl and the output section out2 are shorted with 
each other, and elements provided along the shorting lines. 

A first shorting transistor 41 and a first transfer gate TGI having a CMOS 
structure are provided along the first shorting line, with the first shorting transistor 41 
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being located closer to the voltage supply line SI, and a second transfer gate TG2 having a 
CMOS structure and a second shorting transistor 43 are provided along the second shorting 
line, with the second transfer gate TG2 being located closer to the voltage supply line SI. 

Moreover, the first shorting transistor 41 and the second shorting transistor 43 
are both N-channel MISFETs. The gate electrode of the first shorting transistor 41 is 
connected along the first shorting line between the first shorting transistor 41 and the 
voltage supply line SI, and the gate electrode of the second shorting transistor 43 is 
connected along the second shorting line between the second shorting transistor 43 and the 
voltage supply line S2. 

The P-channel MISFET of the first transfer gate TGI is controlled by the 
control signal Vb, and the N-channel MISFET thereof is controlled by a phase-inverted 
version of the control signal Vb. Moreover, the P-channel MISFET of the second transfer 
gate TG2 is controlled by the control signal Va, and the N-channel MISFET thereof is 
controlled by a phase-inverted version of the control signal Va. ) 

Note that while only two voltage supply lines SI and S2 and' two output 
sections are shown in FIG. 9, one signal line driving circuit actually includes multiple (e.g., 
512) voltage supply lines and multiple output sections. Moreover, in the circuit diagram, 
the voltage supply lines and the output sections are arranged in a predetermined order, e.g., 
R-G-B-R-G-B.... Actual layout of the lines and the output sections will be described in 
subsequent embodiments. 

As described above, the signal line driving circuit of the present embodiment 
differs fi-om those of the first and third embodiments in that two separate shorting lines are 
provided respectively for different directions of the current flow. 

Next, the effect of the provision of two separate shorting lines will be 
described in connection with the operation of the output circuit. 

FIG. 10 is a timing chart illustrating voltage transitions at various points in the 
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output circuit and transitions of currents flowing through shorting lines, in the signal line 
driving circuit of the present embodiment. 

First, as illustrated in FIG. 7, during the period B in the horizontal scanning 
period HI, the polarities of input voltages Vinl and Vin2 to the operational amplifiers 
5 Ampl and Ainp2 transition from (+) and (-) to (-) and (+), respectively. In this period B, 
the switches SWl and SW2 are both turned OFF. 

In this period, the control voltage Vb is at the low level and the control voltage 
Va is at the high level. Therefore, in the period B, the first transfer gate TGI is ON and 
the second transfer gate TG2 is OFF. 

10 Therefore, the impurity diffusion regions (source/drain regions) of the first 

shorting transistor 41 are electrically connected respectively to the output sections outl 
and out2. Thus, in the period B, the first shorting transistor 41 is controlled by the 
voltage Voutl of the output section outl, and is thus turned ON. Then, a current II flows 
from a panel-side load connected to the output section outl to a panel-side load connected 

15 to the output section out2 via the first shorting transistor 41. 

On the other hand, while the gate electrode of the second shorting transistor 43 
and one impurity diffusion region are electrically connected to the output section out2, the 
other impurity diffusion region is not electrically connected to the output section outl. 
Therefore, in the period B, the second shorting transistor 43 is OFF. 

20 Next, during the period A in the horizontal scanning period HI, the switches 

SWl and SW2 are both turned ON, and the outputs of the operational amplifiers Ampl 
and Ainp2 are transferred to the output sections outl and out2, respectively. At this time, 
the panel-side load connected to the output section outl discharges a current flowing from 
the output section outl to the operational amplifier Ampl, and the panel-side load 

25 connected to the output section out2 is charged with the output fi*om the operational 
amplifier Amp2. 

40 



Moreover, in the period A, the control voltage Vb transitions to the high level, 
and the control voltage Va remains at the high level. Therefore, the first transfer gate 
TGI and the second transfer gate TG2 are both OFF. Thus, no current flows through the 
first shorting line or through the second shorting line. 

Therefore, even if the response speed of the operational amplifier Ampl is low, 
for example, the current II flowing through the first shorting line can be prevented from 
flowing toward the operational amplifier Ampl. Thus, the charge stored in the panel-side 
loads can be redistributed without losing the charge. 

Then, in the horizontal scanning period H2, the polarities of Vinl, Vin2, Voutl 
and Vout2 are reversed fi-om those during the horizontal scanning period HI, and the 
circuit operation is reversed accordingly. 

Specifically, in the period B, the first transfer gate TGI and the first shorting 
transistor 41 are both OFF while the second transfer gate TG2 and the second shorting 
transistor 43 are both ON. As a result, a current 12 flows through the second shorting line, 
and a current flows fi:om a panel-side load connected to the output section out2 to a panel- 
side load connected to the output section outl. 

Then, in the period A, the panel-side load connected to the output section outl 
is charged with the output of the operational amplifier Ampl, and a current flows fi-om the 
panel-side load connected to the output section out2 toward the operational amplifier 
Amp2. 

At this point, the first transfer gate TGI and the first shorting transistor 41 are 
both OFF, and the second transfer gate TG2 and the second shorting transistor 43 are also 
both OFF. 

As described above, with the signal line driving circuit of the present 
embodiment, the charge can be redistributed between adjacent panel-side loads during the 
period B. Moreover, the charge redistribution can be done efficiently, irrespective of the 
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response speed of the operational amplifiers Ampl and Ainp2 and the output load of the 
circuit, whereby the circuit designing process can be simplified. 

Moreover, when the response speed of the operational amplifiers Ampl and 
Amp2 is sufficiently high, or when the output load of the circuit is appropriate, the 
collection of charge fi'om the panel-side load can be continued, with the control signal Vb 
being left at the low level during the period A in the horizontal scanning period HI, and 
with the control signal Va being left at the low level during the period A in the horizontal 
scanning period H2, In such a case, in the horizontal scanning period HI, for example, 
the first shorting transistor 41 is turned OFF automatically when relationship between the 
potential of the output section outl and that of the output section out2 is reversed, 
whereby the charge stored in the panel-side loads can be utilized without losing the charge. 
This is true also in the horizontal scanning period H2. Thus, the amount of current to be 
supplemented firom the signal line driving circuit can be reduced. 

With the signal line driving circuit of the present embodiment, it is possible to 
reduce the power consumption even if, for example, the^ load capacitance of the liquid 
crystal display device is large, by employing a driving method as described above. 

Note that while two shorting lines are provided between the voltage supply 
lines SI and S2 in the signal line driving circuit of the present embodiment, three or more 
shorting lines may alternatively be provided. 

Moreover, while the gate electrode of the first shorting transistor 41 is 
connected to a point closer to the vokage supply line SI in the signal line driving circuit 
illustrated in FIG. 9, similar effects can be obtained even if it is connected to another point 
that is closer to the first transfer gate TGI. Similarly, the gate electrode of the second 
shorting transistor 43 may alternatively be connected to a point along the second shorting 
line that is closer to the second transfer gate TG2. 

Moreover, the same effect can be obtained even if the positions of the first 
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transfer gate TGI and the first shorting transistor 41, along the first shorting line, are 
switched around. Similarly, the positions of the second shorting transistor 43 and the 
second transfer gate TG2 may be switched around. 

Moreover, the first shorting transistor 41 and the second shorting transistor 43 
5 used in the signal line driving circuit of the present embodiment may be replaced with 
devices having diode characteristics. 

FIG. 11 is a circuit diagram illustrating another signal line driving circuit of the 
present embodiment where diodes are used instead of shorting transistors. A power 
conserving effect similar to that when MISFETs are used can be obtained even if a diode 
10 (first diode 50) whose output section is connected to the first transfer gate TGI is used 
instead of the first shorting transistor 41, while a diode (second diode 51) whose output 
section is connected to the second transfer gate TG2 is used instead of the second shorting 
transistor 43, as illustrated in FIG. 11. In such a case, the first diode 50 and the second 
diode 51 are arranged in opposite directions to each other with respect to the output 
15 sections outl and out2. 

Moreover, the first shorting transistor 41 and the second shorting transistor 43 
may alternatively be replaced with bipolar transistors. 

Note that while adjacent output sections of different colors (e.g., R and G or B 
and R) are connected to each other by the shorting means in the present embodiment, the 
20 power consumption can be reduced even more effectively by connecting two or more 
output sections of the same color to each other as in the second and fourth embodiments. 
Actual layout of the circuit and the lines will be described in subsequent embodiments. 

SIXTH EMBODIMENT 

25 The sixth embodiment of the present invention will now be described below. 

The sixth embodiment of the present invention is directed to a wiring structure for the 
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output circuits of the signal line driving circuits according to the first to fifth embodiments. 

FIG. 12A is a block diagram illustrating a circuit layout of a signal line driving 
circuit of the present invention, FIG. 12B illustrates a layout of connection means, and FIG. 
12C illustrates a wiring structure of the output section of the signal line driving circuit of 
the present invention. 

First, as illustrated in FIG. 12A, the operational amplifiers Ampl, Ainp2, 
for outputting R, G and B image-forming signals, for example, are arranged in a row in the 
output circuit of the signal line driving circuit of the present invention. R, G and B output 
sections are arranged in a repeating sequence of R, G and B, with connection means for 
connecting two voltage supply lines to each other being interposed between the operational 
amplifiers Ampl, Amp2, and the R, G and B output sections. Note that in an actual 
layout, the connection means are not shifted fi*om one another as illustrated in FIG. 12A, 
but are arranged in a row, with each connection means being divided into portions, as 
illustrated in FIG. 12B. 

A feature of the signal line driving circuit of the present embodiment is that the 
voltage supply lines are provided in the form of two aluminum wiring layers so that the 
potential difference between adjacent lines is large. 

In the example illustrated in FIG. 12C, the output sections out2, out3 and out6 
are arranged in this order fi-om left to right in the first layer, while the output sections outl, 
out4 and outS are arranged in this order from left to right in the second layer. In other 
words, the output sections are arranged so that those that are connected to adjacent panel- 
side signal lines (or sub-pixels), or those that are connected to panel-side signal lines (or 
sub-pixels) of the same color, are adjacent to each other. 

In a dot inversion driving mode, signals of different polarities are applied to 
adjacent panel-side signal lines. 

Therefore, in the output sections of the signal line driving circuit of the present 
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embodiment, the potential difference between adjacent lines is large. In addition, the 
potential difference between a line in the first layer and another line in the second layer 
that overlaps with the line in the first layer is also large. As a result, during the product 
inspection process, it is relatively easy to detect defective products, as compared with a 
case where the potential difference between adjacent lines is small. 

Note that similar effects can be obtained when the wire layout of the present 
embodiment is applied to the signal line driving circuits of the first and third embodiments 
or to the conventional signal line driving circuit. 

Moreover, also when three or more wiring layers are provided, the product 
inspection process can be facilitated by arranging the output sections so that odd-numbered 
output sections are adjacent to each other while even-numbered output sections are 
adjacent to each other. 

As described above, with the signal line driving circuit of the present 
embodiment, the product inspection process is facilitated, whereby it is possible to more 
reliably provide standard-compliant products to the user. 

SEVENTH EMBODIMENT 

The seventh embodiment of the present invention will now be described below. 
The seventh embodiment of the present invention is directed to a signal line driving circuit 
with an improved circuit layout. 

FIG. 13 is a block diagram illustrating the circuit layout of the signal line 
driving circuit of the present embodiment. 

The circuit layout illustrated in FIG. 13 is effective for cases where the K'*' 
(where 1<K+3<N; K is a natural number) output section and the (K+3)* output section, i.e., 
output sections of the same color, are shorted with each other, as in the second and fourth 
embodiments, for example. 
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As illustrated in FIG. 13, in the output circuit of the signal line driving circuit 
of the present embodiment, the operational amplifiers Ampl and Amp4 of the same color 
are adjacent to each other. Similarly, the operational amplifiers Amp2 and Amp5 (and 
the operational amplifiers Amp3 and Amp6) are adjacent to each other. 

Using the circuit configuration of the second embodiment as an example, the 
connection means 2a connected to the operational amplifiers Ampl and Anip4, the 
connection means 2b connected to the operational amplifiers Amp2 and AmpS, and the 
connection means 2c connected to the operational amplifiers Ainp3 and Ainp6 are 
arranged in this order. 

The output sections outl, out2, connected to the connection means 2 are 
arranged so as to conform to the order in which the panel-side signal lines are arranged. 
The voltage supply lines in the two wiring layers extend between the connection means 2 
and the output sections outl, out2, while crossing one another so that the arrangement 
of the output sections is aligned with that of the panel-side signal lines. 

Note that while only six outputs are shown in FIG. 13, suck a 6-output 
arrangement is repeated to form a multiple-output signal line driving circuit in a case 
where R, G and B pixels are used. 

With the circuit layout of the present embodiment, crossing of lines between 
the operational amplifiers and the connection means can be reduced, whereby the layout of 
the connection means can be simplified. 

Note that with this layout, lines connecting the connection means to the output 
sections need to cross one another. However, this is outweighed by the advantage of the 
simplified layout of the connection means. 

Moreover, with the circuit layout of the present embodiment, the wire routing, 
etc., are reduced, thereby allowing for a reduction in the circuit area, as compared with the 
circuit layout illustrated in FIG. 12A. 
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Note that the wiring method of the sixth embodiment can be applied to the 
output sections of the signal line driving circuit of the present embodiment. 
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